Objective(s): We explored incidence, predictors, and longterm prognosis of hospital admissions attributed to reflex syncope and orthostatic hypotension.
INTRODUCTION

S
yncope is a common clinical problem that typically originates from inappropriate responses of the autonomic nervous system, with either an active cardiovascular reflex or an impaired adaptation to postural change, leading to orthostatic hypotension [1] . Reflex mechanisms are by far the most frequent causes of syncope, accounting for 50-60% of cases, whereas orthostatic hypotension is believed to underlie 10-15% of episodes [2] . Reflex syncope is paroxysmal in nature, with patients free from symptoms between attacks, and recurrences often only after many years [2] . In contrast, orthostatic hypotension is a chronic state underpinned by continuous autonomic dysfunction, varying symptoms, and occasionally manifesting syncope [3] .
Patients suffering from unexplained syncope, especially in advanced age, are often hospitalized to identify lifethreatening cardiac or noncardiac anomalies [4] . However, when 'benign' syncope or isolated orthostatic hypotension is diagnosed without concurrent cardiovascular disease (CVD), patients are discharged with doctors knowing very little about the prognostic consequences of the event. In recent years, both noncardiac syncope [5] and orthostatic hypotension [6, 7] have been linked to a worse long-term outcome but studies exploring the occurrence of both syncope-related and orthostatic hypotension-related hospital admissions with clear distinction between the two diagnoses are very sparse. Consequently, this study was designed to examine incidence, determinants, and longterm mortality related to hospitalizations for either syncope or orthostatic hypotension as the main discharge diagnosis in middle-aged prospective cohort with a long follow-up.
METHODS
Study population
The Malmö Preventive Project recruited, between 1974 and 1992, a total of 33 346 (22 444 men and 10 902 women; mean age, 45 years; age range, 26-61 years) inhabitants of Malmö, Sweden, born between 1921 and 1948, who were screened for traditional cardiovascular risk factors. The overall attendance rate was 71% (range for examined age cohorts, 64-78%) [8] . In the present report, we excluded 549 participants because of missing blood pressure (BP) values, eight outliers (difference between SBP or DBP in supine and standing position >80 mmHg), and all individuals with baseline history of CVD [myocardial infarction (MI) or stroke, n ¼ 161]. Participants with missing data did not substantially differ from the rest of cohort. The final study population consisted of 32 628 individuals (22 252 men and 10 376 women) (Fig. 1) . A detailed description of recruitment and screening procedures has been provided elsewhere [6, 9, 10] .
Definition of clinical characteristics
Orthostatic hypotension at baseline was defined, according to the international consensus, as a decrease in SBP at least 20 mmHg and/or decrease in DBP at least 10 mmHg within 3 min of standing, or, in addition, as standing SBP less than 90 mmHg [2] . In addition, we quantified the magnitude of SBP and DBP response on standing at baseline into four different groups according to our previous publication [6] . For the purposes of this study, hypertension at the time of screening was defined, according to current guidelines, as a SBP at least 140 and/or a DBP at least 90 mmHg, or the use of antihypertensive drugs [11] . Diabetes was defined as a fasting plasma glucose at least 7.0 mmol/l or current pharmacological treatment of diabetes, or self-reported history of diabetes [12] . Estimated glomerular filtration rate (eGFR) was calculated according to the Chronic Kidney Disease Epidemiology Collaboration formula by Levey et al. [13] and expressed in ml/min per 1 
Follow-up and endpoints
All study participants were followed-up through 31 December 2011 linking a unique 10-digit personal identification number with the Swedish National Hospital Discharge Register (SNHDR) and the Swedish National Cause of Death Register. Patients who emigrated from Sweden before 31 December 2011 and had been event-free at the time of emigration (n ¼ 635; 1.9%) were assigned the date of emigration as the last follow-up date. Coprimary endpoints were first-time hospital admission for orthostatic hypotension or syncope; and all-cause mortality. Hospital admissions for either orthostatic hypotension or syncope were considered as secondary outcomes. Data on the first-time hospitalization for orthostatic hypotension and syncope were based on primary or main secondary discharge diagnoses according to the International Classification of Diseases (ICD)-9/10 system (orthostatic hypotension: ICD-9 ¼ 458 and ICD-10 ¼ I951; syncope: ICD-9 ¼ 780.2 and ICD-10 ¼ R559), as retrieved from the SNHDR, excluding cases with concurrent CVD diagnoses identified as the primary cause of admission, such as acute coronary syndrome (MI or unstable angina), stroke, TIA, cardiac arrhythmia, exacerbated heart failure, and valvular heart disease. The mean follow-up time was 26.6 AE 7.5 years.
Statistical analysis
Group differences in continuous variables were compared using the Student's t test. Dichotomous variables were compared using the Pearson's chi-square test. Recorded outcomes were first related to different covariates in an unadjusted model. Thereafter, cumulative probabilities of all-cause death stratified according to baseline orthostatic hypotension status and the presence or absence of incident hospital admission for orthostatic hypotension and syncope were calculated using the Kaplan-Meier method, and 
RESULTS
The age (mean AE SD) of the study population was 45.6 AE 7.4 years; 68% were men; 6.1% of study participants were found to have orthostatic hypotension at baseline (Table 1) . During the 866 796 person-years follow-up, a total of 1014 patients (3.1%, 1.2 per 1000 person-years) experienced at least one hospitalization for either orthostatic hypotension (n ¼ 462, 1.42%) or syncope (n ¼ 632, 1.94%). Eighty patients had both diagnoses. The number of hospitalizations ranged from 1 to 14 (mean 1.6 AE 1.3), with 718 patients having one record only. The average time from baseline to first orthostatic hypotension/syncope hospitalization was 24.6 AE 6.4 years, and the mean age at first hospitalization was 72.9 AE 7.5 years (range, 37-90). Patients hospitalized for orthostatic hypotension or syncope were older, more often hypertensive, with higher BMI and lower glomerular filtration rate, and presented with higher supine BP levels, as well as a more pronounced SBP fall on standing at baseline (Table 1) . Orthostatic hypotension hospitalizations were independently predicted by age, smoking, prevalent diabetes, and baseline orthostatic hypotension, being strongly related to the magnitude of orthostatic SBP fall, whereas syncope hospitalizations were associated with advancing age, BMI, smoking, and prevalent hypertension (Table 2) . These results were consistent across different definitions of orthostatic hypotension at baseline. A total of 10 727 patients (32.9%) died, and 419 deaths were preceded by a hospitalization for orthostatic hypotension or syncope. Kaplan-Meier curves stratified by baseline orthostatic hypotension status and hospital admission for orthostatic hypotension or syncope showed a significant relationship of the admission with all-cause mortality (log-rank test: P < 0.001) (Fig. 2 ). The survival curve for patients hospitalized due to syncope/orthostatic hypotension, excluding those with baseline orthostatic hypotension, departed from the reference line (i.e. no baseline orthostatic hypotension and no syncope/orthostatic hypotension hospitalization) substantially late, at around 23 years of follow-up, which was close to the average time to first orthostatic hypotension/syncope hospitalization, indicating greater mortality after the index event. After hospital admission for orthostatic hypotension or syncope, overall 5, 10, 15, and 20-year survival rates were 63, 50, 23, and 15%, respectively, regardless of baseline orthostatic hypotension status (Online Supplement Fig. 1 , http://links.lww.com/HJH/A706). In the multivariable-adjusted Cox proportional hazard model, history of syncope hospitalization [adjusted hazard ratio 1.15, 95% confidence interval (CI): 1.02-1.30, P ¼ 0.021] was an independent predictor of all-cause mortality, whereas orthostatic hypotension-related hospital admission independently predicted cardiovascular mortality (adjusted hazard ratio 1.13, 95% CI: 1.07-1.19) ( Table 2) . Notably, prevalent orthostatic hypotension at baseline screening (asymptomatic orthostatic hypotension) was an independent predictor of incident orthostatic hypotension hospitalizations and both all-cause and cardiovascular death ( Table 2 ). In addition, the age distribution of the first hospitalization due to syncope or orthostatic hypotension ( Fig. 3 and Online Supplement Figs. 2 and 3, http://links.lww.com/ HJH/A706), and proportions of hospitalizations for other reasons than syncope/orthostatic hypotension during follow-up period (Table 3) were analyzed. As shown in Fig. 3 , the incidence of orthostatic hypotension/syncope hospitalization rose sharply from the age of 65 years. Moreover, patients with history of syncope/orthostatic hypotension hospitalizations were more frequently diagnosed and hospitalized due to other chronic disease, such as MI, stroke, renal disease, diabetes, and dementia (Table 3) .
DISCUSSION
This is the first study to explore the long-term incidence of hospital admissions attributed to syncope and orthostatic hypotension, separated from each other, in a middle-aged population. Overall 3% of the study participants were hospitalized over a period of approximately 27 years, the first event occurred at mean age 72 years, and the overall incidence rose steeply after 65 years of age. Diagnosis of syncope was slightly more frequent than orthostatic hypotension, with only few patients having both diagnoses. Admissions were associated with advancing age, smoking, and, surprisingly, only those attributed to syncope were predicted by hypertension. Less unexpectedly, the magnitude of standing BP drop observed during the baseline screening and prevalent diabetes were predictive of orthostatic hypotension-related admissions. Although associated with baseline orthostatic hypotension status, as previously reported [7] , long-term all-cause mortality was not affected by hospital admissions due to orthostatic hypotension that occurred between baseline and the end of follow-up. In contrast, those hospitalized during the follow-up period with a discharge diagnosis of syncope had significantly higher mortality, and the incident hospitalization for syncope marked an increase in the risk of death.
Our findings are in agreement with those of Ruwald et al. [5] who first showed higher long-term mortality in patients discharged with the diagnosis of syncope compared with matched controls, and we have expanded this observation to older adults. Both Ruwald's and our data are in sharp contrast with data from the Framingham Heart Study [16] , indicating that the prognosis of noncardiac syncope, that is, that of vasovagal and orthostatic cause, is identical to that of the healthy population. However, the group with vasovagal cause had an increased total mortality by 40%, when analyzed post-hoc separately [17] . Through the first 20 years of follow-up, the slope of survival curve was remarkably stable but then the mortality ratio rose and a large drop in survival occurred suggesting the presence of pathological mechanisms with a long latency in these patients [17] . Accordingly, Baron-Esquivias et al. [18] reported excellent D, difference between orthostatic and supine blood pressure; CI, confidence interval; eGFR, estimated glomerular filtration rate. OH definitions: OH þ both supine and orthostatic SBP less than 90 mmHg; difference between orthostatic and supine SBP at least 20 mmHg; difference between orthostatic and supine SBP at least 30 mmHg; and difference between orthostatic and supine DBP at least 15 mmHg. a Chi-squared test for categorical variables; t test for continuous ones. All P values are referred to the comparison between the individuals with or without the selected outcome: for example, those having an admission for OH or syncope vs. those with no admissions for OH or syncope during follow-up. Given that a relatively low proportion of the sample had an admission for OH or syncope (6.1% of the sample), the remaining part of the sample almost coincided with the overall sample, and its values were thus not reported to avoid redundancy. Because death was instead very frequent (32.9%), we had to report separately also the overall characteristics of those who were alive at the end of follow-up.
survival in patients with VVS but the mean follow-up time was less than 3 years. Overall, the weight of evidence is now accruing for syncope to have an adverse long-term prognosis in both young and older patients [3, 5] . The characteristics of the studied population (e.g. younger vs. older), the length of follow-up, and precision of syncope classification may have played a role in these discrepancies. Although 1-year mortality following admission to emergency department due to syncope (%8%) has been well studied [19] , our knowledge of the prognostic impact of noncardiac syncope on long-term mortality vs. normal population is still insufficient and more prospective studies are needed.
The current study is unique in differentiating the prognostic weight of orthostatic hypotension from that of syncope. The difference in the risk of all-cause mortality between syncope-related and orthostatic hypotensionrelated hospital admissions shown in this study prompts speculation on its possible causes. Episodes of syncope in middle-aged adults may be damaging the brain more than D, difference between orthostatic and supine blood pressure; HR, hazard ratio; CI, confidence interval. OH definitions: OH þ both supine and orthostatic SBP less than 90; difference between orthostatic and supine SBP at least 20 mmHg; difference between orthostatic and supine SBP at least 30 mmHg; and difference between orthostatic and supine DBP at least 15 mmHg. Ã Cox proportional hazard analyses including 32 628 observations: for each outcome, five different models were fit, each including one of the five OH definitions at baseline, with all other covariates remaining stable. NI ¼ Not included because of 0% of events or because the outcome and the covariate coincided (Hospitalization for OH/syncope). a Due to collinearity reasons the adjusted risk of experiencing an outcome for those patients presenting with an admission for OH was computed excluding OH status at baseline, but with all other covariates remaining stable.
in younger patients, as illustrated by a previous study reporting increased white matter lesions in those with syncope and orthostatic intolerance [20] . These may be insufficient to be associated with symptoms in daily life, but may affect and compromise the circulation in affected territories during episodes of hypotension. Indeed, higher frequency of symptoms of cerebrovascular insufficiency postsyncope in susceptible patients has been recently reported [21] . Moreover, the hypotensive postsyncopal periods may be prolonged in some patients [22] , leading to subclinical brain damage. Syncope as a discharge diagnosis may also mask a subclinical or unrecognized serious cardiovascular disorder, which can manifest in later life [23] or even pass undiagnosed [24] . Conversely, orthostatic hypotension patients may, for the reasons stated above, be better equipped to escape the consequences of prolonged hypotension, and myocardial ischemic preconditioning might occur to a greater extent in orthostatic hypotension patients than in those with syncope, due to the infrequent occurrence of syncope. In older middle-aged patients admitted most likely due to symptoms related to aggravated orthostatic hypotension, such as unexplained fall, syncope, or debilitating postural dizziness, the prevalent comorbidities may have attenuated the prognostic impact of the orthostatic hypotension-related event that just occurred. On the other hand, hospital admissions due to symptomatic orthostatic hypotension were indeed associated with slightly higher cardiovascular mortality,
Log-rank test P < 0.001 15 20 Follow-up (years) FIGURE 2 Long-term survival according to baseline orthostatic hypotension status and incident syncope/orthostatic hypotension hospital admission. Kaplan-Meier curves stratified according to prevalent orthostatic hypotension at baseline and incident syncope/orthostatic hypotension hospital admission. Patients with incident orthostatic hypotension-related or syncope-related hospital admission (green and blue subgroups) show a significantly lower survival rate (log-rank test P < 0.001) compared with patients without orthostatic hypotension at baseline and never hospitalized due to syncope or symptomatic orthostatic hypotension (black subgroup). Regardless of incident hospitalization due to syncope or symptomatic orthostatic hypotension, individuals with prevalent asymptomatic orthostatic hypotension (red and blue subgroups) had a significantly worse outcome compared with patients without orthostatic hypotension at baseline and never hospitalized due to syncope or symptomatic orthostatic hypotension (black subgroup). aHR, adjusted hazard ratio; CI, confidence interval; hosp, incident hospital admission; OH, orthostatic hypotension. likely to be mediated through an increased risk of incident heart failure, stroke, and MI according to previous studies [7, 25] . It should be emphasized that baseline orthostatic hypotension was independently associated with both increased all-cause and cardiovascular mortality, regardless of orthostatic hypotension-related hospitalizations. Among MPP participants who tested positively for orthostatic hypotension at baseline (%2000 individuals) [6] , only a few (2.2%) were hospitalized for orthostatic hypotension. These patients constituted 10% of the entire group admitted due to orthostatic hypotension and, accordingly, the majority of orthostatic hypotension hospitalizations during follow-up were new orthostatic hypotension cases. The RR of orthostatic hypotension hospitalization was strongly associated with the magnitude of SBP fall on standing at baseline; for those in whom SBP fall was at least 30 mmHg, the risk was more than doubled. These results confirm that many patients with orthostatic hypotension can live a normal life without major orthostatic hypotension-related events, as the adaptive mechanisms and cerebrovascular autoregulation help maintaining cerebral perfusion at an acceptable level [26] . Moreover, as it is common that BP drop often remains unrecognized by the patient until he/she faints [27] , there may be an underestimation of orthostatic hypotension as a causative factor.
Although BP-lowering agents can aggravate both susceptibility for reflex syncope and orthostatic hypotension, prevalent hypertension and use of antihypertensive drugs, traditionally beta-blockers and diuretics at that time, were associated with hospitalizations due to syncope only but not orthostatic hypotension. Interestingly, recent data from the SBP Intervention Trial (SPRINT) have provided the important observation about the association between orthostatic hypotension and the use of antihypertensive drugs. In that study, orthostatic hypotension was significantly less common among nondiabetic hypertensive patients at high risk of cardiovascular events randomized to intensive BP treatment (target SBP < 120 mmHg) compared with the control group treated less aggressively [28] . However, in concordance with our findings, the incidence of syncope in the SPRINT was significantly higher when more aggressive antihypertensive treatment was applied.
Further, in a cohort of genetically related hypertensive and normotensive individuals, antihypertensive treatment with angiotensin-converting enzyme inhibitor, usually considered to be a risk factor for orthostatic hypotension [29] , surprisingly showed an inverse association with this disorder [30] . One possible explanation for lack of association between orthostatic hypotension and antihypertensive treatment could be that hypertensive patients with a syncope diagnosis were not tested for orthostatic hypotension during their hospital stay, and, accordingly, were misclassified as having a single episode of reflex syncope but not orthostatic hypotension. As an alternative explanation, patients with orthostatic hypotension, who are chronically challenged by the tendency to hypotension, may paradoxically better tolerate antihypertensive drugs due to well developed and chronically operating compensatory mechanisms [31] . In reflex syncope, where cardiovascular reflexes are sporadically and abruptly activated, the body may have not adapted to the rapidly changing hemodynamics, making BP fall more difficult to compensate.
Finally, as illustrated by the analysis of hospital admissions due to other diseases, patients that had been hospitalized due to syncope or orthostatic hypotension bore in general a greater burden of comorbidities, some life threatening, which may have attenuated the long-term prognostic impact of the orthostatic hypotension-related/syncoperelated admissions on long-term mortality.
Thus, more prospective studies are needed to clarify which clinical factors confer higher mortality risk in older patients discharged with the final diagnosis of nonspecific syncope or orthostatic hypotension.
Study limitations
Although the general study from which these data were derived was designed as prospective, we here performed a retrospective analysis, with its usual weaknesses. Our endpoints were based on hospital discharge diagnosis rather than on adjudicated events. Second, definitions of hypertension and orthostatic hypotension were based on the baseline data alone, which may have misclassified some individuals (e.g., hypertensive or not, orthostatic hypotension positive or negative, temporary, or persistent autonomic dysfunction), as previously shown [32] . Third, we acknowledge the lack of important pieces of clinical information, such as BP, specific antihypertensive drug regimen, and ECG data during the index event. Fourth, in the recruited population, there was a high predominance of men compared with women. However, sex was not associated with an increased risk of incident orthostatic hypotension/syncope hospital admission in the multivariate analyses.
In conclusion, hospital admissions due to syncope and orthostatic hypotension occur in approximately 3% of middle-aged individuals and increase with advancing age. Admissions due to syncope are associated with prevalent hypertension, whereas those due to orthostatic hypotension with diabetes and the previously recognized orthostatic hypotension. Syncope-related admissions herald higher all-cause mortality, whereas admissions caused by orthostatic hypotension independently predict cardiovascular mortality. Although partially overlapping, syncope, and orthostatic hypotension are different entities with different prognostic implications.
